+ T lymphocyte counts had increased by у100 cells/mL to exceed the threshold of risk and in persons whose CD4 + counts had never dropped below the threshold of risk, we analyzed data collected during the period 1990-1998 in the Adult/Adolescent Spectrum of HIV (Human Immunodeficiency Virus) Disease Project. Using a counting-process formulation of the Cox model, we analyzed observation time in these 2 groups for persons who were prescribed antiretroviral therapy but not prophylaxis. The incidences of the infections were low for patients whose CD4 + count rose above the threshold of risk (PCP, 0.6 cases per 100 person-years [PY]; MAC, 1.0 cases per 100 PY) and not higher than in persons whose CD4 + counts had not decreased below these thresholds, which suggests that discontinuation of primary prophylaxis for opportunistic infections may be considered for some patients.
for untoward effects, drug interactions, and antimicrobial resistance. Also, prophylaxis, by increasing pill burden, could increase the difficulty of adhering to complicated antiretroviral regimens. Therefore, HIV-infected patients and their physicians would benefit from information about the risk for opportunistic infections after the CD4 ϩ count rises above prophylaxis thresholds associated with increased risk in response to highly active antiretroviral therapy. If patients are at very low risk for these conditions once their CD4 ϩ counts increase, discontinuation of these medications may be reasonable.
Recent published reports describe outcomes for European [4] [5] [6] and US patients [7] whose primary PCP prophylaxis was stopped after CD4 ϩ counts increased in response to highly active antiretroviral therapy. In these studies, there were no cases of PCP. A recent randomized placebo-controlled trial suggests that withdrawal of MAC prophylaxis may be safe [8] . Followup after CD4 ϩ cell count increases in these studies was limited. Also, another recently reported European study that examined the rate of disease progression after CD4 ϩ cell counts increased from very low levels to у200 cells/mL found that a low CD4 ϩ cell count nadir was associated with a higher risk for disease progression after the counts increased to 1200 cells/mL [9] .
We analyzed data collected in the Adult and Adolescent Spectrum of HIV Disease Project (ASD) to compare the incidence of and risk for 2 preventable primary opportunistic infections (PCP and MAC) in patients whose CD4
ϩ count had risen above recommended CD4 ϩ prophylaxis thresholds of risk with those of patients whose counts had not been observed to decline below these thresholds. This study, which reflects actual practice patterns, provides information to consider, along with the emerging data from other observational data and clinical trials of discontinuation of primary prophylaxis.
Subjects and Methods
The methods used in ASD have been reported elsewhere [10] . ASD is a national surveillance project of the Centers for Disease Control and Prevention (CDC), in collaboration with 11 state and local health departments, in which information is abstracted from the medical records of HIV-infected patients at selected health care facilities. The initial data abstraction is a review of the 12 months before initial patient observation except for AIDS-defining conditions and HIV risk mode, which are recorded, if available, at any time before initial observation. The initial abstraction is followed by 6-month abstractions until death or loss to follow-up. Data collection began at project sites in 1990 (Atlanta, GA; Dallas, Houston, and San Antonio, TX; Denver, CO; Detroit, MI; Los Angeles, CA; New Orleans, LA; and Seattle, WA), 1991 (New York, NY), and 1992 (Bayamon, PR). More than 100 participating facilities include hospitals, outpatient offices, and emergency rooms. Patients in our analysis were observed during 1990-1999, using the September 1999 ASD data.
Criteria for Group Membership
Patients were considered eligible for the analysis if antiretroviral therapy had been prescribed and they met the following group membership criteria.
PCP. Group PCP1 patients had a CD4 ϩ count of !200 cells/ mL, which was followed by a rise of у100 cells to у200 cells/mL. Group PCP2 patients had never had a recorded CD4 ϩ count of !200 cells/mL. In addition, group PCP2 patients did not have a history of oral candidiasis or previous prescription of PCP prophylaxis. Patients with a history of PCP were excluded. MAC. Group MAC1 patients had a CD4 ϩ count of !50 cells/ mL, which was followed by a rise of у100 cells to у100 cells/mL. Group MAC2 patients had never had a recorded CD4 ϩ count of !100 cells/mL, and prophylaxis had not been prescribed for disseminated MAC. Patients with a history of MAC were excluded.
Incidence of Primary PCP and MAC among Persons Not Prescribed Primary Prophylaxis
Cases of the 2 opportunistic infections met the CDC AIDS surveillance case definition for the specific infection [11] . Because the AIDS case definition and ASD combine collection of diagnosis of MAC with disseminated M. kansasi, for this analysis MAC includes both of these diagnoses. Cases included definitive and presumptive diagnoses.
We calculated the incidence rates of primary PCP and MAC per 100 person-years (PY) in groups PCP1 and PCP2 and MAC1 and MAC2. To limit the analysis to the time when the patients were not taking prophylaxis against that specific opportunistic infection, for groups PCP1 and MAC1, we included only follow-up time when no prophylaxis was prescribed after the CD4 ϩ count increased above and, if it occurred, before the CD4 ϩ count decreased again to below the threshold of risk. For groups PCP2 and MAC2, only follow-up time at CD4 ϩ counts above the threshold of risk was included. More specifically, the PCP analysis included follow-up time for groups PCP1 and PCP2 before either a recorded CD4 ϩ count of !200 cells/mL or diagnosis of oral candidiasis or until diagnosis of PCP or last patient contact. The MAC analysis included follow-up time for group MAC1 or MAC2 before a CD4 count of !50 cells/mL or until diagnosis of MAC or last patient contact. Prophylactic medications were trimethoprim-sulfamethoxazole, pentamidine, and dapsone for PCP and clarithromycin, azithromycin, and rifabutin for MAC.
Risk for the opportunistic infections was compared between groups PCP1 and PCP2 and MAC1 and MAC2 by use of a counting-process formulation of the Cox model [12] . The model controlled for HIV transmission mode, age, sex, race/ethnicity, city, and the time-dependent covariates CD4 ϩ cell count, calendar period, history of another AIDS opportunistic illness, and antiretroviral therapy regimen (mono, dual, or triple).
Results
Characteristics of the 2 groups for each opportunistic infection (PCP1 and PCP2 and MAC1 and MAC2) were similar in mode of HIV transmission, age, sex, and race (table 1) . For persons who were prescribed 3-drug antiretroviral therapy, ∼90% of patients were prescribed a protease inhibitor.
Among patients receiving any antiretroviral therapy, the incidence rates for the opportunistic infections, by group, were low and similar: 0.6 cases per 100 PY for group PCP1 versus 0.7 cases per 100 PY for group PCP2; 1.0 cases per 100 PY for group MAC1 versus 0.5 cases per 100 PY for MAC2. Among patients for whom dual or triple combination therapy had been prescribed, rates were also low (table 2) .
In the multivariate analysis of patients for whom any antiretroviral therapy had been prescribed (table 2), compared with patients whose CD4 ϩ counts had not fallen below the threshold of risk, patients whose counts had risen above the threshold of risk were not at significantly increased risk for PCP and MAC. We had insufficient evidence to conclude that there was an increased risk for PCP among persons prescribed triple combination therapy; the confidence limits were wide, although not statistically significant, and were based on only 3 PCP cases in group PCP1.
Discussion
Our findings demonstrate low incidence rates of PCP and MAC after CD4 ϩ cell counts have risen above the threshold of risk in AIDS patients treated with antiretroviral therapy. These low incidence rates also provide strong evidence of the significant effect that highly active antiretroviral therapy is having on the incidence of AIDS-associated opportunistic infections as a result of its effect on patients' CD4 ϩ cell counts. The incidence of PCP and MAC in those with CD4 ϩ cell counts ϩ cell counts fell below prophylaxis thresholds and then rose by у100 CD4 ϩ cells/mL to у200 cells/mL for PCP and у100 cells/mL for MAC. PCP2 and MAC2 groups represent patients whose CD4
ϩ cell counts had never been observed below the prophylaxis threshold.
a Recommended dual-or triple-combination antiretroviral therapy [13, 14] . b Includes saquinavir, ritonavir, indinavir, nelfinavir, or amprenavir.
above the threshold of risk was low during person-time when the patients were not prescribed primary prophylaxis. For comparison, the incidence rates we present were similar to those recently published by the Swiss HIV Cohort Study (0.22 cases per 100 PY for PCP; 0.76 cases per 100 PY for nontuberculous mycobacteria), which examined rates of opportunistic illnesses within 15 months after starting potent anitretroviral therapy, although details regarding the exact changes in CD4 ϩ counts and prophylaxis of PCP and MAC were not provided [15] .
In addition, multivariate analyses suggested no increased risk for PCP and MAC in persons whose CD4 ϩ count had increased, when compared with persons whose CD4 ϩ counts had not dropped below prophylaxis thresholds. Therefore, although the incidence rates below which prophylaxis might be discontinued have not been determined, these results suggest that discontinuing primary prophylaxis in these patients may be undertaken without increased risk. Although the incidence of PCP was elevated for group PCP1 in the analysis of persons receiving triple combination therapy, it was not a statistically significant finding. Even with additional statistical power, this finding would be of questionable clinical significance.
One limitation of our study is that, because ASD is an observational database, patients are not randomly selected for the cessation of prophylaxis after their CD4 ϩ cell count rises above prophylaxis thresholds. Our results may have been influenced by a selection bias allowing for the healthiest patients to be included in groups PCP1 or MAC1; thus, the rates of disease in these groups may be lower than if patients had been selected randomly. Because ASD is not population based, our findings may not be generalizable to all HIV-infected patients in the United States. To our knowledge, however, this is the largest and most demographically diverse group among whom this issue has been examined. Also, ASD collects no more than 2 CD4 ϩ counts per 6-month interval, the lowest and the most recent. Therefore, although ASD will capture the CD4 ϩ nadir, it may not include every CD4 ϩ count within 6 months. Finally, virus load was not included in the multivariate model. Virus load data were not available on a large number of patients in this data set, which included many patients with follow-up prior to the widespread use of virus load monitoring.
In addition to considering the risk for these opportunistic infections above the threshold of risk, other issues in stopping prophylaxis include the cost of the medication, pill burden, the ability of patients to adhere to the regimen, adverse effects, drug interactions, antimicrobial resistance, and the possible protection from other pathogens. In particular, PCP prophy- laxis with trimethoprim-sulfamethoxazole is inexpensive, does not significantly add to the pill burden, and may provide protection against other infections, such as those caused by species of Streptococcus, Salmonella, Shigella, Nocardia, and Listeria. Many factors must be considered before deciding to discontinue prophylaxis.
Our analysis provides important information in considering when and for whom primary prophylaxis may be discontinued. Results from randomized controlled clinical trials addressing discontinuation of MAC and primary PCP prophylaxis are emerging [8] . Our analysis suggests that patients whose CD4 ϩ cell counts rise above the threshold of risk are at low risk for opportunistic infections and that discontinuing primary prophylaxis may be considered in these patients. These results support the conclusions derived from other published studies [4] [5] [6] [7] . We recommend that consideration of discontinuing primary prophylaxis be decided on an individual basis and that further study be devoted to identifying subgroups of patients whose CD4 ϩ cell counts have increased but still require prophylaxis.
